Analysis of purified Oriboca virions by neutral, sodium dodecyl sulfate polyacrylamide-gel electrophoresis indicated the presence of three structural polypeptides designated V-1, V-2, and V-3 on the basis of their relative electrophoretic mobilities in 8% gels. Polypeptides V-2 and V-3 are glycopeptides associated with the virion envelope as demonstrated by the preferential incorporation of labeled glucosamine into the polypeptides and by release of the polypeptides fr6m the intact virion by the nonionic detergent NP-40. Polypeptide V-1 is the protein component of the nucleoprotein core of Oriboca virus as evidenced by the specific incorporation of uridine into the nucleoprotein, its release from the intact virion by NP-40 treatment, and its separation by both rate-zonal and isopycnic density gradient centrifugation from both the intact virion and envelope components. Molecular weights have been tentatively assigned to the polypeptides by extrapolation from the structural polypeptides of Sindbis virus when both are run in the same gel. Polypeptide V-1 has an apparent molecular weight of 20,000 to 23,000; V-2, 30,000 to 32,000; and V-3, 83,000 to 85,000.
V-1 is the protein component of the nucleoprotein core of Oriboca virus as evidenced by the specific incorporation of uridine into the nucleoprotein, its release from the intact virion by NP-40 treatment, and its separation by both rate-zonal and isopycnic density gradient centrifugation from both the intact virion and envelope components. Molecular weights have been tentatively assigned to the polypeptides by extrapolation from the structural polypeptides of Sindbis virus when both are run in the same gel. Polypeptide V-1 has an apparent molecular weight of 20,000 to 23,000; V-2, 30,000 to 32,000; and V-3, 83,000 to 85,000.
The prototype strain BE An 17 of Oriboca virus was isolated from a sentinel monkey in the Oriboca forest, Belem, Brazil in 1954 (1, 7). This virus was soon incorporated into the new, previously undescribed arbovirus serological group C which also contained Apeu, Caraparu, Marituba, and Murutuca viruses (6, 19) . Group C viruses are now classified as a separate serologically defined group within the Bunyamwera supergroup (23, 24) . Electron microscopy has defined a virion 90 to 100 nm in diameter which consists of a central, electron-dense "core" 60 to 70 nm in diameter surrounded by a 15-to 20-nm electron-dense outer portion with spikes protruding 5 to 6 nm from the surface (2, 4, 10, 15, 16) . Oriboca virus obtained from mouse brain, serum and liver, and cell culture consists of four physically distinct components separable by buoyant and rate-zonal density gradient centrifugation. Two of the conponents, of medium (MDCF) and light (LDCF) densities, exhibit complement-fixing activities, whereas the remaining two, HA-2 and VHA, have hemagglutinating characteristics, the latter being associated also with virion infectivity (11) .
Oriboca virus contains three structural polypeptides with tentatively assigned molecular weights of 83,000 to 85,000; 30,000 to 33,000; and 20,000 to 23 ,000. However, these structural proteins have not been characterized as to functional roles or locations within the virion. Similar structural proteins were also reported for Bunyamwera, BFS-283, Tahyna, and Murutuca virions (Rosato et al., Acta Virol., in press), thus further indicating the homogeneity of the Bunyamwera supergroup viruses with respect to serological (6, 7, 19) , morphological (2, 4, 10, 15) , and morphogenetic (15, 16) characteristics.
Our knowledge of the molecular structure of Oriboca virus is limited, since little is known concerning the structural composition of the mature virion. An initial step in providing such information is the determination of the number, size, gross composition, and location of the structural polypeptides in the virion and in subvirion particles. The present studies were undertaken to determine some physical and chemical properties of Oriboca virions. 204 ,000 x g in the Spinco SW50L rotor for the indicated time intervals. Density was determined by the direct weighing of ice-cold 50-uliter portions of each 0.20-ml fraction. All gradients were collected from the tube bottom in an apparatus designed to allow accurate displacement of a set volume of the gradient by the addition of an equal volume of mineral oil overlay. Usually 0.20-ml fractions were collected from small gradients and 1.0-ml volumes from large gradients.
Polyacrylamide gel electrophoresis. Polyacrylamide gel electrophoresis was performed essentially according to Maizel (13) as modified by Shapiro et al. (17) with the following exceptions. Recrystallized, electrophoresis-grade acrylamide and N,N'-bismethylene acrylamide (Bio-Rad Laboratories, Richmond, Calif.) were used without further purification. Samples, which normally contained sucrose and varied in volume from 25 to 100 uliters, were degraded by the addition of both SDS and 2-mercaptoethanol (2-ME), each to a final concentration of 1%, then heated in sealed glass tubes at 100 C for 10 min. After the addition of bromophenol blue to a final concentration of 0.05%, samples were applied to the gels, overlaid with 1:5 diluted electrophoresis buffer, and electrophoresed. Electrophoresis was performed at 20 V until the sample entered the gel, then at 40 V for 10 min, and at 60 V until the dye front migrated about 5 to 6 cm, which usually required 90 to 120 min. The gels were then removed, placed in a metal trough (Scoopula, Fisher Scientific Co., Pittsburg, Pa.) frozen on a block of dry ice, and pressed while frozen against a transverse slicer containing razor blades at dissecting needle, placed in scintillation vials, and counted as described in the section on the counting of radioactive samples. All the electropherograms are presented with migration from cathode (left) to anode (right).
Degradation of virions. Purified virions were degraded by the addition of the detegent Nonidet P-40 (NP-40, Shell Oil Co., Tulsa, Okla.) to a final concentration of 1%. Samples were mixed on a Vortex mixer and held at 4 rions, labeled with glucosamine, lysine, uridine, or an amino acid mixture, were degraded and analyzed by electrophoresis on polyacrylamide gels. The electropherogram (Fig. 4A) depicting the '"C-amino acid-labeled portion of intact virions shows that Oriboca virus contains three polypeptides designated V-1, V-2, and V-3.
On the assumption that all structural polypeptides are synthesized at the same rate during the labeling period, and that incorporation of isotope is uniform, the distribution of the radioactivity between the polypeptides might be used to estimate the mass distribution of the three polypeptides in the purified virion when labeled with a mixture containing 15 amino acids. Analysis of electropherograms of polypeptides labeled with the 3H-amino acid mixture is given in Table 1 . Comparable experiments in which 3H-lysine and 3H-glucosamine were also used to determine the distribution of the polypeptides are also given. The amino acid distribution provides a base line from which comparisons with the lysine and glucosamine distributions could be made. There is a slight increase in the lysine content of the V-1 polypeptide above base-line levels which, when coupled with the very low glucosamine content of the same polypeptide, indicates that V-1 may be the polypeptide component of the nucleoprotein core.
The data for percent distribution of the amino acid mixture were also used to approximate the molar ratios of the polypeptides in which the ratios were determined by dividing the estimated molecular weight of the polypeptide into the total disintegrations per minute under the polypeptide peak as visualized by the electropherograms. The estimated molar ratios were V-3, 1.00; V-2, 1.09 + 0.06 standard error; V-1, 2.42 + 0.08 standard error.
In an attempt to determine the location of the polypeptides within the virion, purified labeled virions were degraded with NP-40 and the components were separated by rate-zonal cen- We found that dissociation of the virion envelope from the core was complete in 20 min at 4 C. Degraded virions, labeled with 3H-lysine or 3H-amino acids, sedimented as a clearly defined peak 5 to 6 fractions higher in the gradients than the undegraded control virions ( Fig. 2A ). This will be referred to as the "peak" component. A new area of radioactivity also appeared at the top of the gradient to be referred to as "top component." Degraded 3H-glucosamine-labeled virions did not produce a peak; the bulk of the radioactivity was found at the top of the gradient (Fig. 2B) . Polyacrylamide gel electrophoresis of the undegraded control virions gave the expected structural profile. Similar analysis of the peak and top component of degraded 3H-labeled virions and the calculation of percent distribution from the electropherograms demonstrated that the peak component contain '-85% of the incorporated 3H-amino acid label and -75 to 100% of the 3H-lysine label.
The top component contained V-3 plus V-2 at base-line or slightly increased levels, and a decreased amount of V-1 polypeptide.
A 31-h isopycnic centrifugation of pooled 3H-lysine-labeled peak component showed an equilibrium density of >1.310 g/cm3, i.e., the material passed through the 20 VOL. 13, 1974 confirmed that this material was V-1 polypeptide. Pooled, NP-40-released, 3H-lysine-labeled top component did not band but was found throughout the top two-thirds of the gradient, emphasizing the heterogeneity of NP-40-released top components. Although the data derived from the preceding experiments are indicative of the possible location of the polypeptides in the virion, they cannot be -considered conclusive since the nucleoprotein core material has not been specifically labeled.
To specifically label both the RNA and protein portions of the nucleoprotein component, virions were prepared, doubly labeled with 3H-uridine and a "C-L-amino acid mixture, concentrated, and purified as described in Materials and Methods. The relative amounts of label incorporated into the virion are shown in Fig. 3A . Infectivity as PFU was determined for odd-numbered fractions and corresponded to the area of radioactivity. An electropherogram of the "4C-amino acid-labeled polypeptides of virions from the major area (Fig. 3A, fraction  13) showed a characteristic profile. The 3H-uridine-labeled RNA did not significantly enter the gel, and more than 80% was found in the first two slices.
The purified virions from fraction 13 (Fig.  3A) when degraded by NP-40 gave characteristic sedimentation patterns on sucrose gradients (Fig. 3B) . The percentage of 3H-uridine in the peak compared to the percentage in the control in which both were approximately 80 to 85%, and the low value in the region of top component supported the assumption that peak mate- Electropherograms of the polypeptides released by NP-40 treatment and separated by rate-zonal density gradient centrifugation are presented in Fig. 4A -C. The percent distributions calculated from the electropherograms are summarized in Table 2 . In the untreated control (Fig. 4A ) more than 85% of the 3H-uridine remained on top of the gel and a minor peak representing about 10% of the total activity appeared in slices 6 to 8. The "C-amino acid polypeptide profile of the control was normal (Fig. 4A) . Analysis of the peak component showed more than 95% of the 3H-uridinelabeled portion on top of the gel and more than 85% of the total activity of the "C-amino acid-labeled protein portion in the V-1 polypeptide ( Table 2 ). The calculations of the percent distribution of the peak component clearly show its purity. Essentially all of the 3H-uridine remains on top of the gel, and the protein moiety is not contaminated with V-3 and V-2 components (Fig. 4B) 85,000; V-2, 45,000; and V-1, 25,000. We have on occasion assigned a molecular weight of 34,000 to 35,000 to V-2 when extrapolated from the standard curve based on the molecular weights of the polypeptides of Sindbis virus (21) but have not observed a molecular weight greater than 35,000. If, in fact, the inability to detect the 45,000-dalton polypeptide is due to propagation of virions in amino acid-deficient medium as suggested by McLarren et al. (14) for Uukuniemi virus, it does not explain the presence of the 30,000-to 32,000-dalton glycosylated V-2 polypeptide reported here.
Polypeptides V-3 and V-2 are associated with the envelope structure of the virion as demonstrated by the preferential incorporation of labeled glucosamine into the polypeptides and by the release of envelope components from the virion by NP-40. Polypeptide V-1 is the protein moiety of the nucleoprotein core of Oriboca virus as evidenced by the incorporation of uridine, its release from the intact virion by NP-40 in a relatively pure state, and its separation by both rate-zonal and isopycnic density gradient centrifugation from both intact virions and envelope constituents.
Similar results as to the number and relative sizes of the structural polypeptides have been obtained for Kaeng Khoi virus (W. A. Neill, personal communication). Kaeng Khoi virus is an ungrouped bat virus, morphologically similar to Bunyamwera supergroup viruses but as yet not shown to be related serologically to the supergroup. Preliminary polyacrylamide gel analysis of Pacui virus, an ungrouped arbovirus morphologically indistinguishable from Bunyamwera supergroup viruses, indicated a similar polypeptide structural profile as to the number and relative sizes of its structural polypeptides (unpublished data).
The data concerning La Crosse virus polypeptides when added to those previously reported for Bunyamwera, BFS-283, Tahyna, and Murutucu virions (Rosato et al., in press) and Oriboca virus reported here support the contention that arboviruses classed together on the basis of serological relationships (1, 6, 7, 9, 23, 24 ) also tend to be alike in general morphology (2, 4, 10, 15, 16) , mode of morphogenesis (15, 16) and the number, site of virion origin, and apparent molecular weights of their structural polypeptides (8, 12, 18, 22) .
Further study of many viruses of the various serogroups of the current arbovirus classification will be necessary to determine in a finite way if, in fact, the antigenic configuration, which is a biologic expression of chemical structure, correlates also with the similarities in structural polypeptides, morphology, and mode of morphogenesis.
